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Program 1: Innovation in remote sensing technology and algorithm
The limitation of existing approaches has often been recognized in the course of the Earth environment 
studies using remote sensing. In this program, novel sensors and algorithms are explored in order to 
establish remote sensing methodologies that enable more in-depth and comprehensive analyses of various 
targets including vegetation and atmosphere. In this way this program aims at the innovation of remote 
sensing through such activities as construction and operation of next-generation satellite sensors, and the 
integration of wide spectral-range observations using optical and microwave remote sensors.
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Program 2: Integrated use of geoinformation
This program aims to promote atmospheric/terrestrial environmental studies based on integrated use 
of geoinformation including satellite remote sensing data, ground measurement data, and extracted 
environmental data. Main research subjects in this program are correction and preprocessing of satellite 
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by integrating satellite data and ground data, and extraction of atmospheric/terrestrial environmental 
parameters. This program has close relationship with the operation of the data distribution and sharing 
systems of the whole CEReS.
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Program 3: Advanced application of satellite remote sensing
Since the establishment of the “Aerospace Basic Act” in 2008, the major purpose of the national policy 
over the space development and utilization has changed from the stage of research and development to 
that of wide-range, practical utilization. Thus, it is absolutely needed for the environmental remote sensing 

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solving various problems on both scientific and social bases. In view of such background, this program 
(Program 3) aims at assigning important problems that must be solved on national and global levels, 
integrating the results of satellite and ground-based observations, and realizing the advanced application 
methodology of satellite remote-sensing data through the synergetic activities of scientists representing 
	
Study on spatial information system that nurtures the disaster and environmental literacy.
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Validation of satellite product estimation algorithm using climate model simulation data
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In this fiscal year, we compared the model numerical simulation results using different vegetation 
distribution data. As a result, at high latitude, it turned out that discrimination of vegetation height is 
important. Moreover, at low latitude, it turned out that discrimination of the existence or nonexistence of 
seasonal change of vegetation is important. We will prove the capability of mutual verification of satellite 
products and model products furthermore.
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We applied a broadband white light laser to the detection of a variety of greenhouse gases on the 
basis of differential optical absorption spectroscopy (DOAS). We performed the white light DOAS 
measurements and proposed a method for retrieving atmospheric CO2 concentrations using the 
DOAS evaluation procedure.
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In the present study, a secondly broadleaved forest was measured using low cost portable TLS. Then, 
DBH, height, top end diameters, sweep, and stem volumes were analyzed and compared with results of 
coniferous plantation forests using terrestrial LiDAR. RMSE of DBH was 1.91 cm which was higher than 
coniferous plantation forests. RMSE of stem volumes in the present study was 0.065 m3 which was lower 
than coniferous plantation forest even though using low cost portable TLS because lower RMSEs of top 
end diameters and shorter distances from portable TLS.
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?Abstract? Since 2007 Ibaraki University has been carrying out fixed point observation of the concentration of carbon dioxide 
in Ibaraki Prefecture. In such fixed point observations, however, the point data may not represent the surrounding 
concentrations. The Differential Optical Absorption Spectroscopy (DOAS) method measures the average concentration of trace 
components including CO2 averaged over the optical path of a few kilometers. Therefore, in this research,  we performed 
DOAS observation of CO2 concentration from the Hitachi campus of Ibaraki University in February 2017 to examine to what 
extent the data of fixed point observation agree with the concurrent DOAS result. The resulting concentration over a round trip 
distance of 7.4 km from Ibaraki University to Umegaoka Hospital was measured to be 427 ppm, which was very close to the 
value of 423 ppm from the fixed point observation conducted at Ibaraki University. 
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?Abstract? In order to estimate the biomass of ice algae in the subarctic area, the fluorescence observing 
system with using violet laser light as an excitation light source for chlorophyll a in sea ice has been developing. 
To determine the chlorophyll a concentration from the observed fluorescence intensity, it is necessary to know 
the transmission properties of sea ice which changes depending on the freezing environment. In this current 
year, the extinction coefficient of the artificial sea ice was obtained with various changed the frozen 
temperature. As a result, there was a tendency for the extinction coefficient at 680 nm, which is wavelength of 
the fluorescence of chlorophyll a, to decrease as the freezing temperature decreases. On the other hand, no 
relation between the coefficient at 405 nm which is the excitation light with the freezing temperature was found.
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? In this study, we tried to create more detail DSM which is one of the parameters of estimating BRDF,
based on images taken by UAV. We used oblique images for making precise DSM along with nadir
images. When we used wide angle camera, we can get high-quality DSM using nadir images alone
that is compatible as DSM created by oblique images as well. In the near future, we can estimate
canopy reflectance under any condition of the sun and radiometer by using detail DSM and BRDF
simulator. Also, it is expected to carry out simultaneous observation of the passage of satellites.  
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Analysis of dynamic properties of volcanic clouds on the bases of optical images, radar data and satellite 
image data
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Results of web-camera observation of eruption clouds at Aso and Sakurajima volcanoes in Kyushu, 
Japan in 2015 and 2016 were analysed, combined with the satellite image data. Furthermore, those of 
Sakurajima volcano were compared with radar images to clarify the advection and diffusion of them.
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??????????????????????????355nm?????????????????????
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EarthCARE??355nm??HSRL?????????????????????????????????
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To establish how to retrieve the optical properties of tropospheric aerosols and the effect of the humidity 
by using a 355 nm UV Mie-Raman lidar in the central of Tokyo combined with Sunphotometere
observation. The method is expected as  a validation of the spaceborne lidar EarthCARE, 355 nm HSRL.
A sea-land breeze circulation? of air-pollution aerosols is also expected because this site locates at the 
Bay area.
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We have been developing sensors using specific chemical elements as a volcanic gas detection system. 
On the other hand, in order to detect a variety of volcanic gases, since a specific volcanic gas absorbs a 
specific light wavelength, it is possible to detect a volcanic gas by measuring light attenuation at that 
wavelength . Therefore, considering constructing an optical type volcanic gas detection sensor system 
using this principle, this fiscal year, research and development was conducted with the aim of extracting 
the concept of the optical model, the method of the sensor system and requirements.
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To detect the symptoms of slope failure such as rock fall, landslide and snow avalanche we have carried
out multi-temporal aerial surveys using UAV-SfM. As a result the following knowledge was acquired. 1)
Mass movement mainly occurred on the bare land such as rock fall and tension crack and their
topographic changes are detectable. 2) Detection of the topographic change of the slope covered by the
vegetation is difficult. We have tried to measure the temporal change of tree crown on the ground as a
symptom of mass movement, however, effects of the seasonal change of canopy shape due to leaf fall
and vegetation growth were so large to detect the ground movement.
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Development of measurement method of forest canopy structure by using multi-sensing approach
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The 3D structure of forest canopy is important information not only for estimating the carbon stock in 
above ground biomass but for understanding the biological interaction in forest ecosystem.  In this 
program, we have tried to measure the canopy structure of northern forests by multiple use of ALS 
and SfM technique. In 2016, the aerial photo images were captured by UAV in large scale research 
plot (500 m?500m) at natural Sakhalin spruce forest in Hokkaido. Based on the previous ALS data 
and current canopy image data, we start the integrated analysis for accurate calculation of canopy 
structure.
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? ? The main objective of this research is to improve an accuracy of environmental monitoring by using 
synthetic aperture radar (SAR) data. Among the environmental monitoring fields, the snow and ice was 
selected to focused target in JFY2016.By taking profiles of polarimetric parameters along the line crossing 
from the west edge to the eastern area of Lake Saroma, the polarimetric and the incidence angle 
characteristics for various ice types and open water were extracted. It was found that VV to HH 
backscattering ratio at higher incidence angle was correlated with ice thickness and sensitive to thickness 
difference. The scattering entropy of OW was lower than any other ice types even at the higher incidence 
angles.
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A dense observation network is required to monitor spatiotemporal variations of atmospheric CO2 and
CH4. The GOSAT is useful in that it has a globally wide observational coverage. However, the retrieval 
data of GOSAT have significant uncertainties. In this study, we evaluated the bias corrections applied to 
the CO2 data that are retrieved from TANSO TIR. The evaluation utilizes the atmospheric transport model 
NICAM-TM, which is optimized by the aircraft data of CONTRAIL. The result elucidates the validity of the 
bias corrections, except for the data obtained in tropical regions during June-August.
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? Greenhouse gases Observing SATtelite, Thermal And Near-infrared Sensor for carbon Observation- Fourier Transform Spectrometer, Thermal Infra-Red
        This study aims to investigate dynamical processes of transport in free-troposphere and stratosphere-
troposphere exchange by profile data of long- and short-lived trace gases (e.g., CO2 and Ozone profiles) in the 
troposphere and stratosphere. This fiscal year investigated the seasonal and interannual variations of CO2 at 
the middle and upper troposphere by the level2 ver.01.00 data adopting the bias correction along Saito et al. 
[2016]. The seasonal march is similar with that from NIES Transport model. The strong reduction were seen in 
the low latitudes of the boreal hemisphere and southern hemisphere due to the bias correction. However the 
isolated maximum at the middle troposphere in the low latitudes seen in the original data were disappeared.
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To evaluate errors of SKYNET observed aerosol optical parameters in more detail, standard aerosol
products of SKYNET have been compared with aerosol parameters retrieved from an observation system
different from sky radiometer of SKYNET, i.e., spectral irradiances observing radiometer. Aerosol optical
thickness (AOT) from those different instruments agreed quite well; however, single scattering albedo
(SSA) from sky radiometer is found to be overestimated. This result is consistent with Khatri et al. (2016).
An attempt is also made to improve data analysis system of sky radiometer of SKYNET by implementing
satellite-observed information.   
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Author has developed social and geographical models using factors such as population density, 
wooden-house ratio, evacuation distance, and tsunami flooding depth to evaluate the distribution of 
life risk characteristics in the area. The obtained results can contribute to the society for preparing 
planning policies of disaster prevention measures for disaster vulnerable against tsunami. 
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The purpose of this study is to develop an efficient method to utilize high-definition topographic data
by lidar or SfM-photogrammetry for applications in forestry and geomorphology. Here we report a case study at a
small headwater channel, in which tree inclinations are found to be affected by surrounding geomorphlogical
conditions. We used multi-temporal 3D point cloud data in 2005 and 2016 to reveal the spatio-temporal changes of
the tree shape and landforms. Further applications of morphological investigations of tree shapes are expected to be
applied in other areas where geoenvironmental changes are predicted.
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A method for estimating the number of washed-away buildings based on pre- and post-event 
ALOS/PALSAR data has been developed focusing on the 2011 Tohoku earthquake and tsunami. The result 
showed good performance in estimating the number of washed away buildings showing correlation 
coefficients of 0.97 in Sendai city and 0.83 in Watari town of Miyagi prefecture.
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Large upland fields of Hokkaidou, crop growth within a field were effected by soil fertility, shallow gravel 
layer and poor drainage. This research aimed to estimate shallow gravel layer in an alluvial upland fields 
of  Hokkaidou using bare soil image obtained  from an unmanned helicopter. We obtained drought and 
wet bare soil images and the relationship between image data and shallow gravel area were investigated.     
As a result , we could understand the areas of shallow gravel layer from image data with wet soil 
condition. 
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In this work, a dynamic material flow analysis (MFA) of gold in China and South East Asian 
countries were conducted to estimate the in-use stock in electric and electronic equipment. 
Radiance calibrated nighttime light composites were used to estimate the in-use stock in which 
data were not available for the dynamic MFA. It was calculated that in-use stock of gold 
increased during 2007 to 2012, resulted in 360 t in 2012. It was estimated that another 8.3 t of 
gold was estimated in 2010 by using the nighttime light images. 
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This study aims to improve the simulation model with remote-sensing to estimate rice yield in order to 
enhance the adaptability of the model. This year we tried to use UAV to obtain the data to calibrate the 
simulation model. The data by UAV showed its resolution was too high to be calibrated by GPS, 
recommending new analysis method should be developed. However, the increase rate of NDVI which 
was obtained by using 4 consequent data was significantly correlated with rice yield, suggesting the rice 
simulation model calibrated by the UAV data can estimate rice yield. 
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El Niño could potentially affect the food security such as reducing agricultural productivity in Indonesia
and causes drought in Bali as a results of declining rainfall. The 2015 El Niño is likely to be one of the 
strongest El Niño events since 1997 (Blunden & Arndt, 2016); Moreover, the 2013 and 2014 is non-El 
Niño event. To determine the severity of agriculture drought in Bali, Vegetation Health Index (VHI) 
employed based on remote sensing data. As a results El Niño events in 2015 has decreased the 
agriculture production for rice and vegetable crops around 8.67% and 2.94% respectively, and no effect to 
fruit crops
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Recently, food security becomes a major concern in the world. And development of stable food supply 
system has been required. Management of crop growth is one of the most important matters for stable 
food supply system. Monitoring of accurate spatial distribution of growth status of target crop at the field 
scale is required for the system. In recent years, unmanned aerial vehicle (UAV) has been used for 
management of crop growth. However, the method for management of crop growth using UAV has not 
been yet established. In this study, the possibility of growth prediction using the UAV imagery of rice 
paddy field and growth simulation model was evaluated. 
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? This study detected spatial distributions of shallow landslides and their sediment yields triggered by the 
2016 Kumamoto Earthquake and the heavy rainfall in July 2012 using small UAVs and SfM-MVS 
photogrammetry at the Sensuikyo area at Aso Volcano, Japan. We obtained ortho-rectified photographs 
with spatial resolutions of 0.04, and digital surface models (DSMs) with spatial resolutions of  0.16 m. 
Sediment yields triggered by the 2016 Kumamoto Earthquake and the heavy rainfall in July 2012 
were ~105 m3/km2 and ~104 m3/km2 , respectively. Additionally, recovery of vegetation was detected 
inside of landslides triggered by the heavy rainfall in July 2012.
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We have been trying to investigate the vegetation around areas of the hive using satellite remote 
sensing data.
The purpose of this study is to develop the observation method of vegetation information in a city using 
UAV or rooftop of Skyscraper. 
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Signal processing for unmanned aerial vehicle (UAV) with circularly-polarized synthetic aperture radar 
(CP-SAR) uses high-speed FFT computation for large amounts of data. So, it is strongly required that 
signal processing system for CP-SAR is constructed on field programmable gate arrays (FPGAs) 
providing high-speed parallel processing and not traditional digital signal processers (DSPs). In the past 
years, we designed a SAR image processing system on an FPGA board. In this year we improved the 
designed system to save weight and power.
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Atmospheric and illumination effects should be corrected when extracting useful information from satellite
images. For this purpose, some radiative transfer codes could be utilized but cautions are needed
because of the difference in their definitions of the resulting atmospheric parameters. In this research, we
considered the utilization of RSTAR in comparison with 6S. Although most of the results were found to be
consistent, RSTAR was almost four time faster than 6S owing to the use of the correlative k-distribution
formulation that incorporates response functions of sensor bands.
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This study aims to reveal the nature of dust, clouds and thermal structures (temperature) and their 
interactions in the Martian atmosphere by statistical analyses of remote sensing data mainly obtained by 
Martian explorers’ data. We utilized the observational results obtained by Mars Climate Sounder (MCS) 
onboard Mars Reconnaissance Orbiter (MRO), which was launched in 2005 by NASA. We focused on the 
longitudinal distributions of water ice clouds, dust and temperature and their correlations over the Tharsis
region in the Martian atmosphere. 
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?Abstract? In order to estimate offshore wind energy resources it is necessary to convert wind speed from satellite-
derived 10m wind speed to turbine hub height wind speed considering atmospheric stability. Assuming AMSR2-
derived wind speed as ENW(Equivalent Neutral Wind) speed, this study validates stability dependent wind (SDW) 
speed from mesoscale meteorological model WRF and wind speed profile model COARE3.0 against KEO and 
PAPA buoy wind speed. RMSE of both buoys are almost same. However bias of PAPA shows negative. It is 
attributable to the fact that SDW speeds more than 15m/s derived from AMSR2 are underestimated. 
?1 PAPA????KEO????????????????
?????????? (??:?????,??:
????,2012/7~2014/12)
?2 KEO????????????????????
?????RMSE
?????
CEReS ????????????????
?CJ16-12?
? ?????????????????????????????????????????
? ??????????Study on hydrometeor retrieval using multi-frequency microwave radiometer data
??
??
??
?
???
??
?
?????
??
?
????????????????????????????????????????????????
?????????????????????????????????????????????????
???????
????????????? ??????????
                   Kazumasa Aonashi ? ?Japan Meteorological Agency Meteorological Research Institute ?
????
?Abstract?
?1????????????????????
??????????? ?????
????????????
???????????????
????????????????
???????????????
???????????????????????????????????????????????
??????????????????????????????????????????????????
????????????????????????????????????????????????
?????????????????????????????????????????????????
????????????????????????????????????
???????CRM)???????????(MWI) TB?????EnVAR????????????????
????????????????????????2?????Neighboring Ensemble ?????
???????????????????1518????????MWI TB?????????????
2015/9/8/17UTC ?AMSR2?TB?single observation????????????????????????
??????????????CRM??????30??????????????
The present study developed an Ensemble-based Variational Assimilation (EnVAR) scheme for the 
Cloud-Resolving Model (CRM). In order to address serious sampling error for CRM precipitation-related 
variables, we introduced the dual-scale neighboring ensemble method (hereafter referred as DuNE). 
We performed experiments using the above EnVAR scheme to assimilate Advanced Scanning 
Microwave Radiometer 2 (AMSR2) brightness temperatures (TBs) for a Typhoon Etau (T1518) case (17 
UTC 8st Sep. 2015). The assimilation significantly improved a CRM precipitation forecast up to 30 hours, 
in particular, by strengthening and stagnating a rain band over the Kanto Plain.
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We used two Qusi-analytical algorithms (i.e., QAA_v5 and QAA_turbid) to estimate absorption coefficient 
of phytoplankton (aph), euphotic zone depth from Medium Resolution Imaging Spectrometer (MERIS) 
data. By combining chlorophyll-a (Chl-a) from MERIS, we estimated net primary production in Lake 
Kasumigaura using Chl-a based model and aph-based model. Moreover, we evaluated estimation 
accuracy of the two models using the Kasumigaura database. Finally, we discussed  the cause of the 
different estimation accuracy between the two types of model in detail using in situ data.
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It is well-known that the ionospheric disturbances associated with natural hazards, such as 
earthquakes (tsunamis), volcanic eruptions, typhoons, and so on.  In this study, we have examined 
the ionospheric disturbances in order to clear the relationship between the ionospheric 
disturbances and their sources. This result contributes to showing the scientific knowledge of 
coupling process of the ionosphere-neutral atmosphere-solid earth.  In addition, this is also 
available to the warning system of natural hazards using ionospheric observations.    
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Mapping of vegetation diversity in the SATOYAMA ecosystem is an important issue to understand 
the relationship between ecosystem functions and service and human activities under climate 
change. We periodically photographed the canopy surface using a digital camera mounted on a 
UAV (unmanned areal vehicle) and mapped geographical distribution of each tree species by visual 
discrimination. We identified that the characteristics of plant phenology and structure of tree canopy 
provide useful information to discriminate each tree species.      
?1 ???????????
?2?????????????????????????????????????2
?1 ???????????????
?????
CEReS????????????????
?CJ16-19?
? ?????????? SKYNET??????????????
? ?????????? A study of atmospheric environment with the SKYNET data
??
??
??
?
???
??
?
?????
??
?
? ???????????????????????????????????????????????
????????????????????????????????????????????????
??????????????????????????????????????????
? ?????????????????????????????????????????????????
???????????????????????? Microtops ? OPC ???????????????
??? 730 m ????????????????????? 8 km ????????????????
?? PM2.5 ?????????????????
????????????????????
??? Microtops????????????????? 440 nm ????
???????OPC??????????? 0.3 μm ????????
?????????????????????? 0.72 ?????????
?????????????????????????????????
??????????????
??? ?? 0.3?2.0 μm ???????????????? PM2.5 ?
??????(?2)???????????0.85???????????
??????????????????????????????????
?????????
??? ??????????????????????????????
?????????????????????????????????
????? ?? 0.3?0.5 μm ? -0.46?0.5?1.0 μm ? -0.37?
1.0?2.0 μm ? -0.27?2.0?5.0 μm ? -0.17?5.0 μm ??? -0.10 ?
????????0.3?0.5?0.5?1.0?1.0?2.0 μm?????????
?????????????2.0?5.0 μm?5.0 μm?????????
????????????????????????????????
????????????????????????????
???????????????????????????????????????????????
?????? PM2.5 ??????????1???????????????????????????
????????????????????????????????????????????????
??????????????????????????????????????????????
??????????????????????SKYNET???????????????????
??????????? ?? ????????
                          Makoto KUJI ? ?Nara Women’s University?
????
?Abstract?
???????????????????????????????????????????????????
?????????????????????????????????????????????????????
??????????? Optical Particle Counter (OPC) ?????????????????? PM2.5 ???
??????????????????????OPC????????????????????????????
???????????????OPC???????????????????????? Microtops ??????
???????????????????????????????????????????????????
?????????????????SKYNET??????????????????
It is important to monitor the aerosol behavior over East Asia. We performed optical observations in terms 
of aerosol properties with sun photometry and air sampling for three years at Nara. Comparisons of the 
particle number concentration with the PM2.5 mass concentration, visibility, and aerosol optical thickness 
revealed that these observations were consistent as a whole. We will continue these observations to 
validate Himawari satellite and SKYNET observations.
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The Advanced Himawari Imager (AHI) onboard Himawari-8 is available not only for the meteorological
observation but for environmental monitoring of the earth surface such as vegetation change. The purpose of this
study is to develop the monitoring scheme of vegetation phenology using Himawari-8/AHI. The bidirectional
reflectance was modeled using a kernel-driven BRDF model. We found that the performace of the model is almost
same by kernel combinations, and spectral radiance shows higher degree of fitness than the top-of-atmosphere
reflectance.
?1 ?????????????
????????????????????
?1 ????????
?????
CEReS ????????????????
?CJ16-29?
? ????????????A?????????????????????????????????
? ??????????Spectral image measurement of chlorophyll fluorescence using the oxygen A band?
? ? ? ? ? ? ? ? ? ? ? ? ? ? application to Rice field and forest
??
??
??
?
???
??
?
?????
??
?
GOSAT?????????TANSO-FTS????A??????????????????????????
????????????????????????????Solar Radiation-Induced Fluorescence, 
SRIF??????CCD??????????????????????????CCD??????????
????????????????????????????????????? SRIF?????????
??????????????????????????FLD (Fraunhofer Line-Discrimination)?????
???????????????????
?????????????????10?100m???????????????????????
????????????????????????????Li-6400?????????????
??????????????????????????????????????????????
???15?30 m?????????????????????????????????????????
?????????????????? (???) ?????????????????????????
??????????? ??? ??????????
                          Kenji Masuda ? ?Shizuoka University ?Division of Technical Service ?
????
?Abstract?
?????????????????????????????????????????????? (???
??????????????????????????????CCD??????????????????
????????????????????????????CCD??????????????????????
??????????????????????????????????????????????SIF???
???????2016?8?30??9?2??????????????????????15?30 m??????
??????????????????????
A stand-off system has been developed for observing solar-induced vegetation fluorescence on the
canopy level. The system collects optical signals using a telescope, leading to the spectral
measurement using a CCD spectrometer, as well as the two-dimensional measurement of the
fluorescence intensity distribution by means of a cooled CCD camera. The spectrum of whiteboard
taken simultaneously with that of vegetation canopy is used as a reference to extract the fluorescence
intensity. We describe the application of this system to soybean and rice fields recently performed in
Kyoto. It is found that the present approach based on spectral shapes is useful for extracting weak
fluorescence signals even under daylight conditions.
Fig.1 Proposed method based on relative reflectance.
Fig. 2  Soybean field imagery:(a) original 
intensity image and (b) fluorescence intensity 
calculated by subtracting the reference spectra.
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Direct and scattered solar radiation spectra at the surface of Mars depend on the existence of dust 
particles in the atmosphere. We simulated solar spectra at the surface of Mars as a function of dust 
model parameters and estimated the errors in the retrieved dust model parameters. Our result can 
be used as a reference to develop a camera onboard a Mars lander in future Mars missions.
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Forest information of global land-cover data is important for global environmental studies. However, it is 
difficult to correctly classify needle-leaves forest and broad-leaves forest using only phenology information 
extracted from nadir-view observation data. We attempt to differentiate needle-leaves and broad-leaves 
forests using MOD09GA and MYD09GA. We find that NDVI and CIgreen change depending on the solar 
zenith and relative azimuth. Using data in limited ranges of solar zenith and relative azimuth, it is not 
possible to clearly show differences between the characteristics of needle-leaves forest and broad-leaves 
forest from pseudo multidirectional observation data. However, we find differences for both NDVI and 
CIgreen between nadir and slant data depending on the surface state of the forest.
?1 Relationship between nadir and slant NDVI, 
combining needle-leaves 
forest and broad-leaves 
forest data.
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In this study, compact, light weight, and low power consumption LED mini-lidar was developed for Micro 
Air Vehicle. From our past achievements, the optical setup was accomplished 10cm cube size, and 
observed the smoke activities in large wind tunnel. In this year, the developed lidar was improved to 
reduce the tray-light and the actual dust flow was captured at outdoor. We also considered to install the 3-
dimentional accelerator sensor into the mini-lidar to get the aiming direction and the attitude control on 
MAV.
?1 10cm3 LED??????
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In the atmospheric or dust measurements such as lidar data, it is so effective to obtain the 
information of the atmospheric and wind condition by extracting these flows. On the other hand, the 
behavior of short distance and ground atmosphere  are greatly affected by not just wind but also 
landform. The aim of this study is to visualize the echoes by lidar and to analyze the characteristics 
using the techniques of machine learning and signal processing.
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?Abstract? To contribute rainfall climate study by satellite data, this study aims to construct a prototype of the
GSMaP rainfall data in pre-TRMM era using microwave and infrared radiometers. In this fiscal year, we
identified causes of the deterioration of the deterioration of GSMaP rain detection over the Tibetan
Plateau during the summer monsoon season by an inadequate snow screening, and improved the
rain/no-rain classification method for microwave radiometers. We developed a code of geometric
transformation for GMS4.
?1 (a)TRMM PR?????????????????
(b)????(c) ????GSMaP??????
?2 1994?4?1?12??????????
????????????
TRMM?????????????????????????????????????????????
????????????????????????
2015????????????????????????????????????????????????
????????????????????????????????GSMaP??????????????
????????????
??????????????????????????-?????????????????
?????
???????????????????????????????????????????????????????????
?Joint Research No. CJ16-47?
? Title of Joint Research: Development and validation of advanced satellite data analysis techniques for ? ?
monitoring and mitigate natural and environmental risks
Back-
Ground
Objective
Methodo-
logy
?
Conclu-
sions
?
Effect/
Outcome
?
Since 1998, the Robust Satellite Techniques (RST) has been widely used in a large spectrum of
applications by using a large data set of satellite images acquired by sensors on board of polar
and geostationary platforms.
The objective of this study is to verify the potentiality of the RST satellite data analysis technique
for recognizing and identifying anomalous signal variations due to the explosions occurred at the
Fukushima Daiichi nuclear power station on March 2011, after the Tohoku earthquake (March 11,
2011; M 9.0) and subsequent tsunami.
To this aim, RST approach has been implemented on the radiances acquired in the Mid InfraRed
(MIR) channel by the satellite sensors operating on board of the geostationary platforms
MTSAT-1R and 2 over the Japanese territory in the months of March from 2006 up to 2011.
Robust Satellite Techniques has been implemented on the radiances acquired by the Japanese
geostationary satellite systems MTSAT-1R/-2, showing a good ability to recognizing and identifying
anomalous signal variations probably due to the explosions happened at the Fukushima Daiichi
nuclear power station on March 2011.
Name of Principal Investigator: 
Nicola Genzano ? ?Graduate School of Science, Chiba University, Japan & School of Engineering,
University of Basilicata, Italy?
?Abstract? (Approximately 100 words)
In the last 20 years, the general change detection method Robust Satellite Techniques (Tramutoli 1998, 2007)
was demonstrated to be a useful tool in the field of geohazard assessment and their mitigation. Thanks to its
full exportability on different satellite packages and geographical areas, RST has been used to identify and
monitor the space-time evolution of many natural and environmental phenomena. In this research project, the
capabilities of the RST methodology has been evaluated in context of the Fukushima Daiichi nuclear disaster,
occurred after the 9.0 magnitude Tohoku earthquake and subsequent tsunami on March 11, 2011.
Fig.1 Results of the analysis performed in the period March 8 -18, 2011 at the
location of the Fukushima Daiichi nuclear power station. Times are given
in Coordinated Universal Time (UTC).
RST analysis 
performed at the time 
of  nuclear disaster of 
the Fukushima 
Daiichi nuclear power 
station, showed 
anomalies, which 
were identified by the 
ALICE (Absolutely 
Llocal Index of 
Change of the 
Environment; 
Tramutoli 1998) 
index, greater than 2 
times the historical 
variability of the 
recorded signal at the 
location of the 
Fukushima Daiichi 
nuclear power station.
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We are entering the time to update the ground measuring instruments of the Skynet (atmospheric ground 
verification network) which our center is also involved with. The atmospheric ground verification network 
also contributes to ground verification of atmospheric observation such as aerosol by Japanese satellites 
(GOSAT, GOSAT - 2, GCOM - C etc). Therefore, the specification of the next ground instrument of the 
Skynet is urgently needed. This study group supports the discussion of the specification review.
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We planed to held the workshop on ”food security package by the integration of satellite products and 
numerical modellings”. The workshop was carried out in 7th September 2016 at CEReS, Chiba University. 
The eight participants discussed with future perspective of food security package in a basis of research 
funding.  
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?Abstract? We held the two-day workshop titled “New directions in –n-site transdisciplinary research for solving 
environmental issues” at the Research Institute for Humanity and Nature, Kyoto, Japan, in October 2016. 
In the workshop, reports from collaborative projects with societal stakeholders in a specific site of 
environmental issue were shared, and the role of science in society and engagement of scientists to 
issue solution were discussed. The discussion benefited the development of the “Knowledge Bridging 
Research Model”, in which researchers and other stakeholders share knowledge and information with 
the mediation of bridging agents towards solution of the issue. 
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Mars is covered with dust particles of around 1 – 2 m in diameter. Suspended dust heavily 
influences machine or human activities on its surface. Moreover dust plays an important role on the 
meteorology of the planet. For these reasons, we are developing an LED LIDAR for dust 
monitoring toward a future rover mission. Using a prototype of the LIDAR system, we have 
conducted an outdoor measurement campaign, and held a research meeting to discuss the 
performance of the system and future development.
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?Abstract?
????????????????????????????????????????????????
????????????????????????????????????????????????
???????????????????????????????????????????????????
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The ground information on forests that has been accumulated for many years in university research forests is very 
valuable and can be said to be a treasure of basic information necessary for wide area ecosystem research. 
However, it does not necessarily have a tight and effective organization which is the point of contact of ecosystem 
research approach based on data collected from the viewpoint of physiological ecology, forestry, etc. and remote 
sensing data. In order to discuss what kind of research activities and organizations are effective through case 
studies, researchers at Hokkaido University research forest, which is a representative research forest in Japan, and 
researchers who work on Satellite Earth observation at Chiba University.
?????
???????????????????????????????????????????????????????????
?Joint Research No. CI16-111?
? Title of Joint Research:  Quantifying aerosol growth using Angstrom coefficient as measured  from 
Ground-based instruments and satellite data 
Back-
Ground
Objective
Methodo-
logy
?
Conclu-
sions
?
Effect/
Outcome
?
The background of this study? arises from the fact that the scattering effects of aerosols in the 
atmosphere is not well-known because of the aerosols’ dynamics and chemistry. This study 
investigates the scattering effects of aerosol over Chiba and look at temporal changes of 
scattering properties via the scattering enhancement factor.
The objective of this study is to model the scattering enhancement factor of aerosols in Chiba, 
Japan.
The methodology of this study is to use ground-measured instruments and visibility meter to infer 
scattering properties of aerosols in the atmosphere with changing relative humidity. The 
scattering coefficients are matched to measured ambient relative humidity to look at the 
dependence of the scattering enhancement factor with RH. 
Brief descriptions of three (at maximum) conclusions
Conclusion1
Scattering enhancement factor of 
aerosols  in Chiba can be 
modeled using  visibility  meter 
measurements and ground-
measured instruments. Aerosols’ 
scattering coefficient in summer 
have higher response to relative 
humidity compared to spring and 
autumn  values of aerosol 
scattering  coefficient in  winter is 
due to the high relative  humidity 
during the early hours of the morning. 
Conclusion 2
The power law relationship (y=axb+1)  can be used to modeled aerosol scattering enhancement factor 
in Chiba. This equation better characterizes the model of the scattering  enhancement factor. Monthly 
values of the parameters a and b are computed. The difference of the monthly values indicate the 
different types of prevailing aerosols in Chiba and their optical response to increasing ambient relative 
humidity. These values can be used to interpolate values of scattering coefficients at any RH.
(examples)
The result of this study is applied to possible atmospheric corrections due to aerosol growth.
The developed method is applied to studies of radiation budget (contribution from aerosols) in the 
atmosphere.
Name of Principal Investigator: 
            Nofel Lagrosas, Ateneo de Manila University
?Abstract? (Approximately 100 words)
(Revised) In this study, temporal changes of scattering enhancement factor is analyzed using visibility data and 
and ground-based instruments (aethalometer, nephelometer and weather monitor) to analyze aerosol growth 
and variation of aerosol scattering properties due to changes in relative humidity in the atmosphere. This new 
approach is part of the continuing three year joint project. Measurement of scattering enhancement allows us 
to model the monthly variation of this parameter. This method allows us to look at aerosol growth that can be 
matched with measured scattering enhancement factors from similar remote sensing instruments. 
Fig.1
Measured and modeled f(RH) for the month of April 2014. The 
modeled f(RH) increases with RH according to Eq. 2 with 
a=4.455 and b=14.38. b) Measured and modeled f(RH) for the 
month of June 2014. The modeled f(RH) sharply increases with 
RH according to Eq. 2 with a=16.88 and b=26.60.
?????
???????????????????????????????????????????????????????????
?Joint Research No. CI16-104 ?
? Title of Joint Research:  A Remote Sensing and GIS based Approach to Mitigate Elephant-Human
Conflict in Sri Lanka
Back-
Ground
Objective
Methodo-
logy
?
Conclu-
sions
?
Effect/
Outcome
?
Sri Lanka, with 65,610 sq km land area has a rich biodiversity (27% of Sri Lanka’s elephants are 
endemic). The population of the country has dramatically increased since 1900 and recently 
passed 20 million. The rural area population has also increased sharply due to the natural 
increase and improvements in free healthcare system. The Sri Lanka’s elephant population is 
about 10% of the total in Asian region elephant population, but has the highest density in the 
region. The elephant density of India is 0.0008 compare to Sri Lanka’s density is 0.088. This 
struggle for land by people and elephant has made a sever conflict. This study has investigated 
the applicability of GIS and remote Sensing to identify hotspots of human-elephant conflict. 
However, the study also found existing forest cover map of Sri Lanka has some errors. Hence, 
the study will divert to produce an error-free forest map first, and then produce the human-
elephant conflict hot zone identification.
Brief descriptions of three (at maximum) conclusions
Conclusion 1: The reasons aggravating human-elephant conflicts 
were found as follows; proximity of human-elephant, changes in long-
term rainfall, droughts, increased development activities, and 
behavioural changes of elephants. These findings will apply to 
identifying island-wide high risk area identification in next research 
step.
(examples)
The result of this study is applied to produce a new highly accurate forest cover map of Sri Lanka, to 
replace the existing national level map wish has some errors.
The GIS and remote sensing based developed method can be applied to various studies where 
seasonal changes of ground conditions are related to some environment conflicts. 
Name of Principal Investigator: 
            PERERA, Liyanage Kithsiri, (University of Sothern Queensland, Australia)
?Abstract? (Approximately 100 words)
Sri Lanka has a high population density (320 per 1 sq km), where over 5,850 (2011) wild elephants live. A 
government report has reviled about 200 elephants and 50 people are killed by the human-elephant conflict 
annually. In a previous study, MODIS satellite images were applied to identify high risk areas in a selected 
region. This study attempted to identify island wide high risk areas. The methodology is linked to the seasonal 
vegetation changes and very high resolution Google Earth images through GIS analysis to map the forest area 
accurately. The hotspots will identify using the new refined forest cover map which will produce in 2017 project. 
•Conclusion 2: MODIS satellite images are providing a 
promising opportunity to link NDVI values with dynamic 
ground conditions (rainfall, drought, and land cover 
changes) to identify human-elephant conflict high-risk areas. 
Figure 01 shows July 28, 2012, MODIS NDVI (dark green is 
heavy vegetation) image of the study area and identified 
high-risk (black arrows) conflict zones.
•Conclusion 3: A successful national level human-elephant 
conflict high-risk area identification is not possible without an 
error-free forest cover map of Sri Lanka. The 2016 study 
found some errors in national level forest cover maps. The 
forest cover map will be refined in next joint research project 
(2017), using multiple spatial data sources.
Fig.1 Dry season MODIS NDVI
Fig.2 Existing forest cover map (in 
olive-green) needs to refine.
?????
???????????????????????????????????????????????????????????
?Joint Research No. CI16-107 ?
Title of Joint Research: Spatial Characteristics of Land Tenure in Potential area of Agricultural Rice 
Field Protection in Indonesia, A case study in Two villages in West Java
Back-
Ground
Objective
Methodo-
logy
?
Conclu-
sions
?
Effect/
Outcome
?
Background : Rice field protection in Indonesia has been started since 2009 which provide 
obligation to many local governments to inventory their agriculture lands, and finally assign them 
as protection areas.  In addition, both central government and local governments have also to 
provide incentives for rice farmers, which have consequence that detail data of rice field and its 
farmer are necessary. The detail of land utilization and land tenures are necessary for improving 
of land productivity through consolidation in planting and management.  So far, geospatial 
technology has been employed intensively for finding rice field for protection, and it may also 
utilize for finding spatial pattern
The objectives of the study are to find out spatial pattern of land ownership and utilization 
based on land parcel and provide criteria for land consolidation in farm management at two 
village (Ciburay, Bogor District and Jayakarsa, Sukabumi City).
The methodology  are (1) Investigation of spatial pattern of land utilization, land managed by 
land owner, land managed by non owner, and other employing spatial method, and  (2) finding 
criteria for effectively and efficiency in managing land area using size of rice field block/parcel 
and it’s connectivity regarding with effective use of hand tractor     
Brief descriptions of three (at maximum) conclusions
Conclusion 1 :
Land rent farmers is bigger found in Jayakarsa (80%) with majority
lands are planted for paddy (low intensity) than in Ciburay (60%)
and lands are for paddy and horticultural crops (high intensity)
                                                      Conclusion 2: Criteria for land 
                                                      consolidation developed based 
                                                      operating capacity of hand tractor 
                                                      over land, and the land with less
                                                      0.5 ha is chosen, and merging       
                                                      with adjacent lands 
                                                        Conclusion 3:
                                                     The effective  land management after consolidation is different
                                                      with the size is 0.3  Ha in Ciburay , and 0.4 Ha in Jayakarsa  
These relate to land ownership status is higher and physical 
land                                               characteristics which more undulating in Ciburay.
The result of this study  can be utilized  for  consolidation of some small  rice farms in particular place 
such as in Java, Indonesia, where many small rice blocks exist and work less efficient. However the 
concepts are still in preliminary step, which still need more development of more quantitative 
parameters.     
Name of Principal Investigator: 
Baba Barus ?Department of  Soil Science and Land Resources, Bogor Agricultural University, Indonesia?
?Abstract? (Approximately 100 words)
The government of Indonesia has program to protect rice field and to improve its productivity. The detail of land 
utilization and land tenures are necessary for improving of land productivity through consolidation in planting 
and management.  Geospatial technology is employed for finding rice field pattern. The results show the 
different variety of land  utilization, between paddy and different crops. The farmer who own land  and  works 
as farmers higher in Cigombong (Bogor), and more intensive and diverse  than in  Jayakarsa (Sukabumi).  
The developed rule implemented for consolidation is block less 0.5 ha and its adjacent land., The average size 
of  land after consolidation  for management in Ciburay is 0.3 Ha, meanwhile in Jayakarsa is 0.4 Ha.  
Fig.1 Spatial pattern of land 
ownership in Jayakarsa,
Sukabumi, West Java
Fig.2 Spatial pattern after trial 
consolidation using hand 
tractor in Ciburay, Bogor
?????
???????????????????????????????????????????????????????????
?Joint Research No. CI16-101?
Title of Joint Research:  
Multi-platform satellite observations for improving retrieval of plant phenology on the Tibetan Plateau
Back-
Ground
Objective
Methodo-
logy
?
Conclu-
sions
?
Effect/
Outcome
?
The background of this study:? Vegetation activity on the Tibetan Plateau grassland has been 
substantially enhanced as a result of climate change, as revealed by satellite observations of 
vegetation greenness (i.e., the normalized difference vegetation index, NDVI). 
The objective of this study: (1) to analyze the changes in heat requirement for vegetation green-
up on the Tibetan Plateau during 1998-2012; (2) to reveal the responses of vegetation activity to 
climate changes on the Tibetan Plateau grassland.
The methodology of this study: Using NDVI data and meteorological records from 1982 to 2011, 
linear regression and partial regression techniques were applied. 
Brief descriptions of three (at maximum) conclusions
Conclusion 1:
The accumulated growing degree-days (AGDD) requirement was significantly different for different 
vegetation types and showed large spatial variations ranging from a few ?C-days in cold and wet areas 
to more than 1000 ?C-days in warm and dry areas of the Tibetan Plateau .
Conclusion 2:
The inter-annual variations in AGDD requirement were extensively driven by the number of chilling 
days, while precipitation sum and insolation affected the AGDD requirement in limited areas.
Conclusion 3:
The inter-annual partial correlation coefficient between growing season (May–September) NDVI and 
temperature (RNDVI-T) in a 15-year moving window for alpine meadow showed little change, likely 
caused by the increasing RNDVI-T in spring (May–June) and autumn (September) and decreasing 
RNDVI-T in summer (July–August).
The result of this study is applied to understand the future projection of vegetation activities on the 
Tibetan Plateau. 
Name of Principal Investigator: 
            SHEN Miaogen? ?Institute of Tibetan Plateau Research, Chinese Academy of Sciences?
?Abstract? Tibetan Plateau (TP) plays crucial roles in global carbon cycles. Understanding vegetation 
activities on the TP is important for development of carbon cycle models. In this study, the linear regression 
and partial regression techniques were applied to satellite NDVI and climate datasets to analyze the heat 
requirement for vegetation green-up and responses of vegetation to climate changes. We found that the heat 
requirement was different for different vegetation types, and inter-annual variations were driven by the number 
of chilling days; the correlation coefficient between growing season NDVI and temperature in in a 15-year 
moving window for alpine meadow showed little change.
?????
???????????????????????????????????????????????????????????
?Joint Research No. CJ16-106 ?
Title of Joint Research: Interferometric Synthetic Aperture Radar ALOS PALSAR 2 For Estimation of
Carbon Loss in Tropical Peatland Case Study: Tropical Peatland in Dayun, Siak Regency, 
Riau Province - Indonesia
Back-
Ground
Objective
Methodo-
logy
?
Conclu-
sions
?
Effect/
Outcome
?
The background of this study? is
- Interferometric Synthetic Aperture Radar (InSAR) / DInSAR (Differential InSAR)
is a technique that can provide displacement map from radar images. Subsidence in peatlands 
area causes carbon loss to the atmosphere (influence to global warming effect)
The objective of this study is 
Estimation of carbon loss from peatland area using InSAR analysis
The methodology of this study is
The main idea is how to estimate the carbon loss using the relationship between subsidence 
condition in peatland area and carbon loss.
Brief descriptions of three (at maximum) conclusions
Conclusion1
Subsidence in tropical peatland area because of water table decreasing.
Conclusion 2
Based on the subsidence condition, carbon loss in this area is 
around 3.491,833.48 ton CO2 eq starting from August 15, 2015 
until March 12, 2016 
Conclusion 3
Carbon loss due to subsidence in tropical peatlands can be 
estimate by this method
(examples)
The result of this study is applied to tropical peatland in Indonesia.
The developed method is applied to support of peatland restoration in Indonesia in collaboration 
between JMRSL – Ceres, Chiba University, Agency for the Assessment and Application of 
Technology (BPPT), and Peatland Restoration Agency (BGR) - Indonesia
Name of Principal Investigator: 
            PERISSIN Daniele ? ?Purdue University ?
?Abstract?
Conversion of tropical peatland to others function such as cultivation,  oil palm plantation, etc, by human activities, 
leads to release  carbon from previously stable, resulting subsidence that can be surrogate measure 
of CO2 loss to the atmosphere. Interferometric synthetic aperture radar (SAR) is a technique that can provide land 
displacement map (subsidence) from radar images. By this technique, reclassification is needed to determine the 
area of subsidence condition. By the equation that has relationship between carbon loss and water table, and 
between subsidence and water table, carbon loss from this research area was estimated 3.491,833.48 ton CO2 eq,
starting from August 15, 2015 until March 12, 2016 
Fig.1 Subsidence in peatland 
area
One or Two figures or 
photos at maximum
Fig.2 Subsidence classification 
and carbon loss estimation
Subsidence (cm) Prosentase Area (Ha) Subsidence Area Carbon Loss /Ha Carbon Loss
0.6 24.015% 22,664.11 5442.79 11.64 63367.00
22 21.402% 22,664.11 4850.57 309.26 1500079.73
42 14.485% 22,664.11 3282.90 587.40 1928386.27
Total Carbon Loss 3491833.00
ton CO2 eq
?????
???????????????????????????????????????????????????????????
?Joint Research No. CI16-112 ?
? Title of Joint Research: Application of space and ground technologies for disaster risk mitigation: 
Multi-sensor Web for earthquake early detection.
Back-
Ground
Objective
Methodo-
logy
?
Conclu-
sions
?
Effect/
Outcome
?
The background of this study is based on the Lithosphere-Atmosphere- Ionosphere Coupling 
(Pulinets and Ouzounov, 2010), relating seismicity with the atmospheric /ionospheric signals is 
one of the working model for the future Sensor Web system 
The primary goal of our efforts will be focused on the validation of the atmospheric earthquake 
signals to gain a better understanding of earthquake process and support future application in 
earthquake monitoring and forecasting 
The methodology of this study is the development of crosscutting Sensor web, which utilizes 
targeted sensor networks (global remote-sensing satellite data, space plasma parameters from 
GPS/TEC, simultaneously with ground observations to detect pre-earthquake phenomena) in 
order to achieve a novel solution 
Brief descriptions of three (at maximum) conclusions
Conclusion1
Our initial results suggest that systematic use of multi-parameter 
observations can be used for additional physical validation of 
pre-seismic processes associated with the major earthquake events.
Conclusion 2
Our preliminary results show correlation between the
appearance of pre-earthquake transients anomalies in 
atmosphere and ionosphere (with a short time-lag, from hours 
up to few days) and the occurrence of 2016 Kumamoto, 
Japan earthquake series.
Conclusion 3
Our initial prospective tests show that multi-parameter analysis 
could reveal short-term pre-earthquake anomalies prior to
the largest earthquakes.
Our products of long time series (OLR, GPS/TEC, plasma,) over several areas of validation in Japan. 
help to justify the abnormal level of change over the expected time scale. 
The broader impact of this project includes advancing our knowledge of earthquake phenomena, 
towards multisensory observations and data analysis 
Name of Principal Investigator: 
            Dimitar Ouzounov, Chapman University, CA ,USA?
This proposal represents an innovative approach for integrating multi parameter sensor networks of pre-
earthquake signal caused by increasing stress in the Earth’s crust prior to earthquakes. Latest observations 
from space and ground have provided multiple evidences for detection of pre- earthquake signals and the 
latest studies show their statistical significance, repeatability, and universality. The objective is the 
development of crosscutting Sensor web, which utilizes targeted sensor networks (global remote-sensing 
satellite data, space plasma parameters from GPS/TEC, simultaneously with ground observations to detect 
pre-earthquake phenomena) in order to achieve a forecast solution. 
Fig.1 Satellite Thermal 
anomaly 04.15.2016
Fig.2
Time series of Thermal 
Anomalies night time data for 
2016 (red columns) for location 
near to the Kumamoto. 
?????
???????????????????????????????????????????????????????????
?Joint Research No. CI16-113 ?
•? Title of Joint Research: Characteristics and evidences of seismo-ionospheric precursors in Japan 
                                              (Study and Test for Ionospheric Earthquake Precursors in Japan)
.
Back-
Ground
Objective
Methodo-
logy
?
Conclu-
sions
?
Effect/
Outcome
?
The GIM TEC can be used to locally monitor temporal SIPs at a certain location as well as 
globally find the spatial distribution of SIPs.  To find whether SIPs appear before the 2011 M9.0 
Tohoku earthquake, we examine the GIM TEC associated with M>=6.0 earthquakes occurring in 
Japan during 1998-2016.  To find the possible causal of SIPs, we also search existing models.
The research goals are to use the GIM statistically searching characteristics of temporal and 
spatial SIPs in the TEC, as well as utilize existing ionospheric physical models to find causal 
mechanisms of SIPs associated with large earthquakes in Japan.
To find SIP characteristics of the GIM TEC, we not only apply the z test (Neter et al, 1988) to 
search for the statistical significance of the anomaly, but also employ the receiver operating 
characteristic (ROC) curve (Swets, 1988) to confirm the SIP associated with the earthquakes in 
Japan.  Existing models are used to reproduce the observed SIPs for finding causal mechanisms.
Brief descriptions of three (at maximum) conclusions
Conclusion1
The z test at significance level 0.05 shows the SIPs appears in different time/day zones prior to 
three group of earthquakes (84 	
		
		-
2016.
Conclusion 2
The ROC curves and the associated p-value indicate that a significant TEC enhancements 
(positive anomalies) in six zone, Zone A (1-2 days before, 0600-1000LT), Zone B (2-3 days 
before,1900-2200LT, Zone C (2-3 days before, 0700-1000LT), Zone D (9-10 days before,1500-
2100LT), Zone E (2-3 days before, 0100-0300LT), and Zone F (1-3 days before, 0700-0900LT) 
yield reliable SIPs for three group earthquakes in Japan, respectively.  Zone F yields the 
greatest AUC (area under the curve), which agrees the appearance days of SIPs of the Tohoku 
earthquake. 
Conclusion 3
The average of median of the SIP strength (!") is increasing with the associated earthquake 
magnitude and is closely related to the associated AUC. It implies that larger earthquakes have 
the greater preparation, and in turn release a stronger SIP of GPS TEC.
Our products of the statistical analyses show that the SIP characteristic of the GIM TEC in Japan are  
positive polarity, local time in early morning, lead time of 1-3 days.  This can be used to detect and 
indentify the temporal SIPs of the TEC in Japan.
On the other hand, the strength of SIP seems to be useful to predict forthcoming earthquake 
magnitude.
Name of Principal Investigator: 
            Jann-Yenq Liu, National Central University, TAIWAN?
In this study, we examine the temporal and spatial SIPs (seismo-ionospheric precursors) in the global 
ionosphere map (GIM) of the total electron content (TEC) associated with the 2011 M9.0 Tohoku earthquake, 
and statistically examine temporal variations of the TEC extracted from the GIM over the epicenters of M>=6.0 
earthquakes occurring in Japan during 1998-2016.  Search existing ionospheric physical models to be 
employed simulating and reproducing the SIPs to find the possible mechanisms associated with large 
earthquakes in Japan, especially the 2011 M9.0 Tohoku earthquake.
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